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INTRODUCTION

Although androgen biosynthesis inhibitors (ABIs) including ketoconazole and
abiraterone improve clinical outcomes and prolong survival in men with castration
resistant prostate cancer (CRPC), none are curative, and all patients eventually develop
resistance followed by disease progression and death. Resistance is hypothesized to result
from either increased systemic or tumor androgen production, mutations in the androgen
receptor (AR) signaling pathway leading to ligand-independent AR activity, or through AR-
independent pathways. The work being carried out under this grant aims to better
understand how this therapeutic resistance develops through genomic analysis (gene copy
number and gene methylation status) of tumor biopsies and circulating tumor cells (CTCs)
taken from men with CRPC. Further, the work here explores whether clinically targeting
proposed mechanisms of resistance can improve outcomes in these patients.

BODY

Statement of Work Aim A: Determine whether resistance to androgen biosynthesis
inhibitors (ABIs) is mediated by genomic upregulation of androgen synthesis or by

autonomous AR function.

Thus far much of the work for this Aim has been for Task 1 as follows: a protocol for the
collection of metastatic biopsies and circulating tumor cells (CTCs) has been developed,
reviewed by both the scientific and IRB committees at UCSF and approved. A laboratory
specific protocol (CC125511, see attachments) detailing the genomic tests to be
performed on CTCs was developed and approved by both UCSF and the DoD IRB. The
CTCs are currently being collected as part of a clinical trial of increased-dose abiraterone
(CC12551, see attachment) detailed below in Aim B of this summary.

In late 2012 our group at UCSF was extremely fortunately to be awarded a grant to
collect and analyze metastatic CRPC biopsies to better understand treatment resistance,
as part of the Stand Up 2 Cancer “West Coast Dream Team” study, and thus the
collection and analysis of metastatic biopsies for this DoD grant has been fully integrated
with the Dream Team study. In this protocol metastatic biopsies from men with CRPC
are collected and the genomic tests described in this grant are set to be performed by our
lab. At the same time other comprehensive genomic tests (RNAseq, microRNA analysis,
targeted gene sequencing) will be performed by other collaborators in the West Coast
Dream Team consortium, allowing for an even greater in-depth analysis of CRPC tumors.

For both the CTC work and for the biopsy protocol clinical and lab staff at UCSF have
been trained in how to collect and process samples, and a protected database has been
established to track and annotate specimens. Thus far we have collected blood from 12
men with abiraterone-naive CRPC. CTCs are detectable in >90% of these samples using
the Vitatex VitaCaP assay. Thee CTCs express epithelial markers including PSMA, and
DNA isolation from these cells is feasible. CTCs expressing a mesenchymal phenotype
are detectable as well as those bearing markers of stemness including CD44 (unpublished
results). CTCs from this assay are amenable to flow cytometry both for enumeration and
for sorting of different CTC subpopulations including those expressing epithelial
markers, mesenchymal markers, and markers of stemness. Biopsies thus far have been



collected from 10 men with abiraterone-naive disease are currently being processed
(pathology review, DNA, RNA isolation) by the Dream Team sites. Copy number and
methylation analysis of androgen synthesis genes taken from CTCs and biopsies from
men prior to abiraterone and after abiraterone resistance has developed will occur in
batch once sufficient samples have been isolated.

Statement of Work Aim B: Determine whether resistance to ABIs s can be overcome by
increased inhibition of androgen synthesis.

As discussed above, a clinical protocol for increased-dose abiraterone has been written,
approved by both the peer-review/scientific committees at UCSF and at Oregon Health
Science University (OHSU) and their respective IRBs, and the clinical trial opened and
began accruing patients at each site in March 2013. OHSU was chosen as it is part of the
DoD Prostate Cancer Clinical Trials Consortium as well as a collaborator in the Dream
Team biopsy study.

The clinical trial of dose-increased abiraterone is registered with clinicaltrials.gov with
the number NCT01637402. Accrual has been brisk, with approximately 20 men
consented and/or on-study to date. Clinical research associates have been trained in study
procedures at both sites, and we are using the UCSF OnCore database to collect and track
patient information/data. Weekly review of patient accrual, compliance with study
procedures, and safety review has begun. All patients to date have experienced PSA
declines to standard-dose (1000mg daily) abiraterone, and none yet have experienced
PSA or clinical progression warranting an elevated dose (1000mg twice daily). Blood is
currently being collected for serum hormone levels, SNPs in androgen synthesis genes,
and CTCs as described above. Optional metastatic biopsies are being offered to all
participants, and approximately 50% of study participants have undergone biopsy prior to
starting abiraterone therapy.

Statement of Work Aim C: Determine whether resistance to ABIs can be overcome by
AR-targeted therapy.

A Phase I study of the combination of abiraterone acetate plus ARN-509 (a novel AR
antagonist) is currently open at both UCSF and at Dana Farber Cancer Institute, a
collaborator in the DoD Clinical Trials Consortium. One patient has thus far been
accrued, and ARN-509 dose escalation will proceed once sufficient patients have been
enrolled. At UCSF I have written a clinical protocol for a Phase II study of the
combination of abiraterone acetate plus ARN-509. This has been reviewed by the UCSF
Genitourinary Oncology Site Committee. The protocol in currently in revision and will
be submitted to the UCSF Peer Review scientific committee for evaluation.

KEY RESEARCH ACCOMPLISHMENTS

* CTCs collected in 12 men with abiraterone-naive mCRPC. These cells are in the
process of enumeration, immunocytochemical analysis for expression of prostate-



specific cell surface markers, and DNA isolation. CTCs thus far are detectable in
>90% of men using the Vitatex VitaCaP assay. CTCs expressing a mesenchymal
phenotype are detectable as well as those bearing markers of stemness including
CD44. CTCs from this assay are amenable to flow cytometry both for enumeration
and for sorting of different CTC subpopulations. Further genomic analysis of CTC
subpopulations to be detailed in subsequent updates.

* Phase II protocol for Dose-Increased Abiraterone Acetate in Men with mCRPC
(CC12551, PI: Friedlander) written, IRB approved, and accruing patients at by UCSF
and Oregon Health Sciences University (as part of the DoD Prostate Cancer Clinical
Trials Consortium).

* Phase II protocol of Abiraterone Acetate plus ARN-509 in men with mCRPC (PI:
Friedlander) completed, approved by UCSF site-review committee, and in further
development at UCSF and at Dana Farber Cancer Institute.

* Laboratory protocol for copy number analysis of CTCs and metastatic biopsies
(CC125511, PI: Friedlander) completed and approved by the IRBs at UCSF and the
DoD.

* Integration of both clinical trials with recently awarded Stand Up 2 Cancer “West
Coast Dream Team” CRPC biopsy protocol, allowing for even more comprehensive
molecular and genomic analysis of mechanisms of abiraterone/ABI resistance.

REPORTABLE OUTCOMES

Thus far this work is in the beginning stages. Two clinical protocols and a laboratory
protocol for the work have been developed or are under development and are either IRB
approved or are in review by scientific committees. Thus far no abstract detailing this
work has been submitted or presented, however a manuscript summarizing our lab
experience with CTCs collected previously from 23 men with prostate cancer and
analyzed on the Vitatex platform is currently being submitted for review and publication.
In terms of other awards or grant funding, I received a 2012 Prostate Cancer Foundation
Young Investigator Award to fund lab work in excess of that covered by the Physician
Research Training Award yearly stipend, and a travel grant in 2012 to attend the
Advances in Circulating Tumor Cells conference in Athens, Greece.

CONCLUSION

Significant progress has been made in terms of achieving goals set forth in the statement
of work for this project, with activation of both the lab and clinical components proposed
in the grant. Protocols allowing for collection and analysis of CTCs and CRPC biopsies
have been completed and are accruing patients/samples, and a clinical trial of dose-
increased abiraterone acetate has been IRB approved and opened at UCSF and OHSU.
Collecting CTCs and biopsies from metastatic CRPC patients is feasible and an
infrastructure for doing so has been developed at UCSF. Integration of the aims of this
work with the Stand Up 2 Cancer West Coast “Dream Team’ metastatic biopsy protocol
has been achieved and is expected to allow for an even greater in-depth analysis of the



genomic mechanisms leading to androgen biosynthesis inhibitor resistance in men with
metastatic CRPC.
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INFORMAL TEACHING
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